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Hydrolysis of hemicellulose and disruption of cellulose during pretreatment process are conducive to the 
following cellulase hydrolysis performance. In this work, bagasse pith was first pretreated by l-butyl-3- 
methylimidazolium chloride ([BMIMjCl) solution containing 0-1.2% hydrochloric acid (HC1) and 30% 
water. The water (30%) added into the acidic ionic liquid (IL) solutions led to an increase in the biomass 
loading up to a biomass/IL solutions ratio of 1:10 (wt.%). Hemicellulose was hydrolyzed to reducing sug¬ 
ars by HC1 and cellulose was dissolved by [BMIMjCl. In this process, 76.9% of hemicellulose conversion 
and 95% of cellulose recovery were obtained. The pretreated bagasse pith was then followed by hydroly¬ 
sis with commercially available enzymes. The effects of pretreatment temperature, reaction time and 
acid concentration on cellulase hydrolysis of pretreated bagasse pith were investigated. Pretreatment 
of bagasse pith with [BMIMjCl solutions containing 1.0% HC1 at 120 °C for 30 min resulted in the glucose 
concentration of 92.3 g/1 and yield of 94.5% after 72 h of cellulase hydrolysis. The maximum total reduc¬ 
ing sugars yield reached to 89.9% after pretreatment and cellulase hydrolysis. 

© 2014 Elsevier Ltd. All rights reserved. 


1. Introduction 

Lignocellulosic biomass are renewable and abundant energy 
resource in nature, which have complex structures and composi¬ 
tion of three main components: cellulose, hemicellulose and lignin 
[1,2], Cellulose is a linear polymer of glucose containing amor¬ 
phous and crystalline structures [3,4], The cellulose chain is made 
up of glucose units joined together by [5-1,4 glycosidic bonds. Indi¬ 
vidual cellulose chains are held together by strong hydrogen bonds 
that make cellulose a highly crystalline polymer [5], Hemicellulose 
is an amorphous chain of polysaccharides containing sugar resi¬ 
dues and it protects the cellulose fibrils from enzymatic decon¬ 
struction [6], Cellulose and hemicelluloses can be hydrolyzed to 
producing sugar. Lignin without sugar-based structure is an amor¬ 
phous polymer made up of aromatic derivatives [7], The complex 
structure of lignocellulosic biomass makes it difficult to be hydro¬ 
lyzed and thus leads to low sugar yield in cellulase hydrolysis [8,9], 

Pretreatment is an essential step to increase the sugar yield 
from cellulase hydrolysis of pretreated biomass as it may disrupt 
the crystalline structure of cellulose, removes hemicellulose or 
breaks the carbohydrate-lignin complex [10-12], Numerous 
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pretreatment methods have been developed, including biological, 
physical, physicochemical, and chemical processes [13-15], Vari¬ 
ous pretreatment methods have their advantages as well as draw¬ 
backs. In the past few years, many ionic liquids (ILs) have received 
much attention because of the ability to dissolve cellulose under 
moderate conditions [16-18], ILs exhibit special properties such 
as high thermal stability [19], nearly complete non-volatility and 
recyclability [20], Compared to other pretreatment methods, the 
digestibilities of biomass can be enhanced effectively and a high 
glucose yield can be achieved after biomass pretreatment with 
ILs. l-ethyl-3-methylimidazolium acetate (|EMIM]Ac) was widely 
studied by researchers. Qiu et al. [21 ] reported that a glucose yield 
of beyond 90% could be obtained after pretreatment of energy cane 
bagasse with [EMIM]Ac. Ana da Silva et al. [17] reported that [EMI- 
M]Ac was selected among six ILs as it significantly enhanced 
bagasse enzymatic saccharification rate and yield. Auxenfans 
et al. [22] found that the enzymatic saccharification of [EMI- 
M]Ac-pretreated sawdust can be significantly increased. Pretreat¬ 
ment of agave bagasse using [EMIMJAc was very effective in 
enhancement of enzyme kinetics according to the work of Perez- 
Pimienta et al. [23], Furthermore, other various ILs have been used 
in different types of biomass pretreatment presented different 
effects on dissolution of lignocellulose. Sun et al. [24] investigated 
the structural comparison and enhanced enzymatic hydrolysis of 
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eucalyptus cellulose via pretreatment with different ILs. They 
found that crystallinity index (CrI) of cellulose via [AMIM]C1 
pretreatment was significantly decreased from 70.2% to 31.2%, 
which enabled the cellulase enzymes easier access to cellulose. 
Spronsen et al. [25] reported that [BMIMJCl was more efficient 
in the dissolution of straw than [EMIM]Ac at the same 
pretreatment conditions. The current state-of-the-art on the frac¬ 
tionation of lignocellulosic biomass in ILs was reviewed [26] and 
concluded that ILs had potential to be used in the biomass 
pretreatment. 

In previous studies, although ILs have been extensively studied 
by virtue of its particular advantages, there are some drawbacks 
restrict their application in biomass pretreatment. Some research¬ 
ers had to use a low biomass/ILs ratio of 1:20 (wt.%) due to the high 
viscosities of ILs [27,28], ILs are so expensive that limit their 
extensive use for pretreatment of lignocellulose. Cruz et al. [29] 
studied the impact of high biomass loading of switchgrass on IL 
pretreatment in order to improve the biomass loading. 
Weerachanchai et al. [16] used [EMIM]Ac to pretreat cassava pulp 
residue and obtained a high sugar conversion of more than 90% 
but it required a long pretreatment time of 24 h. Researchers 
reported that [BMIM]C1 has the ability to dissolve cellulose and it 
is relatively cheap because of its simple synthesis compared to 
[EMIM]Ac [30], 

Despite ILs have the ability to dissolve cellulose, the dissolution 
of hemicellulose in ILs is rather difficult and it still remains in the 
biomass during the pretreatment process [31,32], The presence of 
hemicellulose in biomass will reduce the efficiency of the following 
cellulase hydrolysis. Moreover, hemicellulose can be hydrolyzed by 
acid. Therefore, a combined biomass pretreatment method using IL 
and acid was developed. The pretreatment method was divided 
into two steps: biomass was first pretreated by acid for a period 
of time to remove hemicellulose and then the residue was treated 
by IL. Uju et al. [33] found that first pretreatment of pine biomass 
with peracetic acid followed by [EMIM]Ac pretreatment resulted in 
70% cellulose conversion in 1 h. Work of Auxenfans et al. [4] 
showed that combination pretreatment of dilute acid and IL led 
to an efficient lignocellulosic biomass deconstruction. Jiang et al. 
[28] used sulfuric acid to remove hemicellulose and the remained 
solid residue after acid-pretreatment was further pretreated by 
[AMIM]C1 to decrease the crystallinity of biomass. The above pre¬ 
treatment process was not simultaneous and it may lead to the 
complexity of the approach. Qing et al. [34] investigated pretreat¬ 
ment of biomass with different types of acids and ILs simulta¬ 
neously and concluded that HC1 and [MMIM]DMP were the most 
effective combination to improve cellulase hydrolysis conversion. 
Zhang et al. [35] studied pretreatment of sugarcane bagasse with 
acid and IL solution in order to improve glucan digestibility of cel¬ 
lulase hydrolysis. They also investigated the pretreatment of fresh 
biomass with recycled acidified IL solution on influence of enzy¬ 
matic hydrolysis. 

Hemicellulose is a polysaccharide fraction representing, in gen¬ 
eral, 15-35% of lignocellulosic biomass which can be hydrolyzed to 
producing sugars. Hydrolysis of hemicellulose is an important step 
to increase the total sugars yield. Nevertheless, it was neglected in 
most ILs pretreatment processes. The focus of this work is to 
develop an effective pretreatment method which can make full 
use of biomass to maximize sugars yield. In this process, the 
bagasse pith was pretreated by HC1 and [BMIM]C1 solutions simul¬ 
taneously. Hemicellulose was hydrolyzed to reducing sugars by 
HC1 and cellulose was dissolved in [BMIM]C1. The disrupted cellu¬ 
lose recovered is conducive to the following cellulase hydrolysis. A 
certain amount of water (30%) was added into the IL and acid solu¬ 
tions to decrease the viscosities of IL. Thus a high bagasse pith/IL 
ratio of 1:10 (wt.%) was used to reduce the IL solvent costs and 
allow for increased biomass loading. 


2. Methods 

2.1. Raw materials 

The bagasse pith (waste of sugar manufacturing) was obtained 
from Guangxi province, China. The air-dried bagasse pith was 
milled and sieved to obtain 40-80 mesh fractions. The collected 
bagasse pith was stored at room temperature in a sealed container. 
The components of bagasse pith were measured according to the 
National Renewable Energy Laboratory (NREL) procedure [36], Its 
main composition and content were shown in Table 1. 

2.2. Chemicals and enzyme 

1-Butyl-3-methylimidazolium chloride (99%) used in the exper¬ 
iment was purchased from Chengjie Chemical Co. Ltd., Shanghai. 
Hydrochloric acid (36%) was purchased from Lingfeng Chemical 
Reagent Co. Ltd., Shanghai. Cellulase from Trichoderma reesei 
was purchased from Sigma-Aldrich Co. Ltd., Shanghai. Anhydrous 
sodium acetate (99%) and acetic acid needed to prepare the buffer 
solution were purchased from Xinran Industry Co. Ltd., Shanghai. 
Phenol, sodium potassium tartrate, sodium hydroxide and 3,5- 
dinitrosalicylic acid for DNS analysis were purchased from Sinop- 
harm Chemical Reagent Co., Ltd, Shanghai. 

2.3. Bagasse pith pretreatment 

A 2.0 g of bagasse pith and 20.0 g of [BMIMJC1 solutions con¬ 
taining the required amounts of HC1 and 30% water were added 
into a 250 ml flask. The flask was sealed with a lid to prevent water 
loss and immersed in an oil bath. The mixture of bagasse pith and 
[BMIM]C1 solutions were stirred with a magnetic stirrer and the 
reaction temperature (80-130 °C) was controlled by using an oil 
bath. Pretreatment was carried out with an agitation speed set at 
400-500 rpm for 10-90 min. The pretreated biomass was recov¬ 
ered from the ionic liquid solutions by adding deionized water to 
precipitate its pith. First, 20 ml deionized water was added into 
the reaction mixture. The precipitated bagasse pith was filtered 
and then washed with the second 50 ml deionized water to remove 
excess ionic liquid. The regenerated bagasse pith was then dried 
prior to cellulase hydrolysis. All experiments of bagasse pith were 
conducted in duplicate. The concentration of reducing sugars 
obtained from the first washed pretreatment hydrolysate was 
measured by DNS (3,5-dinitrosalicylic acid) assay [37], The dried 
components of regenerated residue after pretreatment were ana¬ 
lyzed according to the NREL. The overall experimental design of 
this study is summarized in Fig. 1. 

2.4. Cellulase hydrolysis 

The pretreated bagasse pith was hydrolyzed with a loading of 
20 FPU/g substrate. Acetate buffer solution of pH 4.8 was used to 
buffer the mixture of bagasse pith and cellulase enzymes. The cel¬ 
lulase hydrolysis was conducted at 50 °C for 72 h [38], Samples 
with a volume of 0.2 ml were taken at 24, 36, 48, 60, 72 h to deter¬ 
mine the reducing sugar by high performance liquid chromatogra¬ 
phy (HPLC) equipped with evaporative light scattering detector PL- 
ELS2100 (Polymer laboratories, British) using ZORBAX-NH2 col¬ 
umn (150 mm x 4.6 mm, 5 pm, Agilent, USA) operated at 40 °C. 
All experiments were performed in duplicate. 

2.5. Scanning electron microscopy (SEM) and X-ray powder diffraction 
(XRD) 

The morphology of bagasse pith before and after 
pretreatment was examined with scanning electron microscope 
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Composition 
Content (wt.%) 


content of the bagasse pith. 

Moisture Ash 

6.12 ±0.04 1.21 ±0.02 


Hemicellulose 
32.23 ± 1.20 


Cellulose Lignin 

39.75 ±1.30 20.69 ±0.82 


| Bagasse pilh | 



pretreated by IL and HC1 simultaneously 


["Cellulose was "] |"Hemicellulose was"] 

dissolved by_ILj L h i* ol l ,z 5 d 




| Bagasse pith residue] 


] j | Pretreatment hydrolysate I 


I Compositionalstructural I I Cellulase hydrolysis I | measured by DNS reagei 
| motpholojjical analyses | -^- 

| measured by 1IPLC | 

Fig. 1. Schematic of the overall process of HC1 and IL pretreatment. 


(SEM: JSM-6360LV). The solid samples were mounted on the alu¬ 
minum sample stubs with double sided carbon tape. SEM images 
were respectively taken at 100 and lOOOx magnification with 
SEM instrument operated at 15 kV accelerating voltage. 

Untreated and pretreated samples of bagasse pith were ana¬ 
lyzed by X-ray powder diffraction (XRD: D/max2550V) at room 
temperature. Scans were collected from 5° to 50° (20) at 40 kV 
and 100 mA with a step size of 0.02° and steps of 0.2 s. 

2.6. Calculations 


The yield of reducing sugar obtained from hemicellulose 
hydrolysis in pretreatment process was determined by the 
difference between the molar mass of reducing sugar and 
molar mass of hemicellulose in initial bagasse pith. i.e. the ratio 
of 132/150: 


Reducing sugar yield = 


Mass of reducing sugar 
Mass of hemicellulose x 150/132 x 0 


(1) 


The yield of glucose obtained from cellulase hydrolysis was 
determined by the difference between the molar mass of glucose 
and molar mass of cellulose in initial bagasse pith. i.e. the ratio 
of 162/180: 


Glucose yield = 


Mass of glucose 

Mass of cellulose x 180/162 0 


(2) 


The total yield of reducing sugars obtained from pretreatment 
and cellulase hydrolysis were calculated as follows: 

Total reducing sugars yield 

Total mass of reducing sugars 

- Mass of hemicellulose xl 50/132 + Mass of cellulose x 180/162 
x 100% (3) 

The hemicellulose conversion during the pretreatment process 
was calculated as follows: 

Hemicellulose conversion 


Mass of hemicellulose in bagasse pith residue\ 
Mass of hemicellulose in bagasse pith J 


100% 

(4) 


The cellulose obtained after the pretreatment was calculated as 
follows: 


Cellulose recovery 


Mass of cellulose in bagasse pith residue 
Mass of cellulose in bagasse pith 
x 100% 


(5) 


The bagasse pith residue used in Eqs. (4) and (5) was obtained 
after pretreatment. The hemicellulose and cellulose contents were 
analyzed according to NREL [36], 

All experiments of bagasse pith were conducted in duplicate. 
The deviation in this paper was calculated based on the following 
equation: 


Deviation =Xi-X (6) 

where X,- represents the value of each experiment and X represents 
the average value of two parallel experiments. For the same kind of 
experiment, we took the biggest deviation. 


3. Results and discussion 

Hemicellulose is biomass recalcitrance by covering and protect¬ 
ing the cellulose fibrils from enzymatic deconstruction [39], Crys¬ 
talline cellulose was partially surrounded by amorphous 
hemicelluloses which aligned with the cellulose fibrils [24], Thus, 
hydrolysis of hemicellulose into reducing sugars during pretreat¬ 
ment process is an essential method to increase the total sugar 
yield from cellulase hydrolysis of pretreated biomass. In this work, 
bagasse pith was pretreated by [BMIM]C1 solution containing 0- 
1.2% HC1 and 30% water with a biomass/lL solution ratio of 1:10 
(wt.%). 

3.1. Effect on structural properties of bagasse pith after pretreatment 
with IL and acid solutions 

The effect on bagasse pith after pretreatment with IL and acid 
solutions can be seen from the morphology of bagasse pith. The 
SEM pictures of bagasse pith untreated, pretreated by [BMIMJC1 
only and pretreated by [BM1M]C1 containing HC1 solutions under 
different magnifications were shown in Fig. 2. 

It can be seen from Fig. 2 that the treated bagasse pith (c-f) 
present more porous structure and rougher surfaces compared to 
the untreated bagasse pith. Fig. 2d and f also show that the bagasse 
pith pretreated simultaneously by [BMIM]C1 and HC1 solutions has 
a more irregular and destroyed surface than that of pretreated only 
by [BMIM]C1 (Fig. 2c and d). This implies that pretreated by 
[BMIMJC1 and HC1 solutions would provide a more accessible sur¬ 
face area to enhance the following cellulase hydrolysis. The 
enhanced glucose yield after cellulase hydrolysis of the IL and acid 
solutions pretreated bagasse will be discussed in Section 3.2. 

XRD analysis was conducted to examine the crystallinity of 
bagasse pith. Fig. 3 shows that untreated and [BM1M]C1-HC1 trea¬ 
ted bagasse pith samples displayed the change in cellulose crystal¬ 
linity. The crystallinity of [BMIM]C1-HC1 treated bagasse pith 
samples was altered and had a broad diffraction peak. The crystal¬ 
linity index which represents the percentage of crystalline materi¬ 
als was calculated from the XRD patterns by an empirical method 
described by Cheng et al. [40], As shown in Table 2, the CrI of 
untreated bagasse pith samples is relatively high (20.4%), and there 
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Fig. 2. SEM of bagasse pith (a) untreated bagasse pith (lOOx magnification) (b) untreated bagasse pith (lOOOx magnification) (c) bagasse pith only pretreated with [BMIM]C1 
(lOOx magnification) (d) bagasse pith only pretreated with [BMIM]C1 (lOOOx magnification) (e) bagasse pith pretreated with [BMIM]C1 and HC1 solutions (lOOx 
magnification) (f) bagasse pith pretreated with [BMIMJC1 and HC1 solutions (lOOOx magnification). 


Bagasse pith residue, IL and acid pretreated 

! 



2 theta (degree) 

Fig. 3. The X-ray diffraction pattern of bagasse pith samples. 

is an obvious decrease in the CrI (10.5%) for the [BMIM]C1-HC1 trea¬ 
ted samples. A lower CrI in bagasse pith is indicative of a lower 
crystallinity, which is also beneficial to the subsequent cellulase 
hydrolysis. 


3.2. The influence of pretreatment acid concentration 

Pretreatment variables, including pretreatment temperature, 
reaction time and acid concentration in IL solutions, were opti¬ 
mized under given conditions. The dried components of regener¬ 
ated residue after pretreatment were analyzed according to the 
NREL. The components of bagasse pith residue after pretreatment 
with [BMIM]C1 containing different acid concentration were shown 
in Table 3. 

It can be seen from Table 3 that the content of hemicellulose in 
bagasse pith residue decreased greatly compared to the original 

Table 2 

Crystallinity index of untreated and [BMIM]C1-HC1 treated bagasse pith. 

Sample Crystallinity index (%) +2% 

Untreated 20.4 

[BMIMJC1-HC1 treated 10.5 


bagasse pith (as shown in Table 1). 80.4% hemicellulose in the 
bagasse pith was hydrolyzed when the pretreatment acid concen¬ 
tration was 1.2%. Increasing the acid concentration from 0.5% to 
1.2% greatly increased the conversion of hemicellulose from 58.3% 
to 80.4%. In comparison, the cellulose is almost no degradation cor¬ 
responding to the approximately 95% recovery of cellulose. Besides, 
the reducing sugars contains no glucose via analysis of HPLC. This 
shows that the reducing sugars obtained from pretreatment pro¬ 
cess were almost all obtained from the hydrolysis of hemicellulose. 

The influence of pretreatment acid concentration on reducing 
sugars concentration and yield were shown in Table 4. Increasing 
the acid concentration from 1.0% to 1.2% increased the conversion 
of hemicellulose from 76.9% to 80.4% but the reducing sugars yield 
reduced from 87.8% to 85.7%. The maximum reducing sugars con¬ 
centration in pretreatment process was 30.1 g/1. 

Table 5 lists the effect of pretreatment acid concentration on 
cellulase hydrolysis when pretreatment temperature was 120 °C 
and reaction time was 30 min. It could be found that the effect of 
cellulase hydrolysis became more desirable (C and Y increased) 
with the increase of pretreatment acid concentration from 0% to 
1.0%. But when acid concentration beyond 1.0%, the yield of glu¬ 
cose reached the maximum of 94.5%, it did not increase further 
with the increase of acid concentration. It can be seen that pre¬ 
treatment of bagasse pith with HC1 alone resulted in glucose con¬ 
centration which was much lower than that of pretreatment 
with [BMIMJC1 and HC1 combined. Thus, the presence of IL could 
significantly increase the rate of cellulase hydrolysis. This result 
was consistent with the fact that IL could dissolve and reduce crys¬ 
tallinity of biomass effectively [16,28], 

The improvement of glucose concentration and yield could be 
explained as: First, the increase of bagasse pith accessible surface 
area to cellulose finding from the SEM pictures of Fig. 2 enhances 
the following cellulase hydrolysis. Second, the removal of hemicel¬ 
lulose during pretreatment could not protect the cellulose fibrils 
from enzymatic deconstruction [41 ] and it is conducive to the fol¬ 
lowing cellulase hydrolysis. In this study, high glucose concentra¬ 
tion and yield were achieved after pretreatment with [BMIM]C1 
and acid solutions. 

3.3. The influence of pretreatment temperature on cellulase hydrolysis 

The pretreatment temperature is one of the most significant 
parameters in all thermochemical conversion processes. 
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of pretreatment acid 


bagasse pith compositior 


recovery. 3 


Acid concentration (wt.%) 


u.s 

1.0 

1.2 


Hemicellulose Cellulose Lignin Ash 

Content (%) ±0.5% Conversion (%) ±1.0% Content (%) ±0.5% Recovery (%) ±1.0% Content (%) ±1.1% Content (%) ±0.04% 


19.57 

13.27 

11.73 

10.29 


60.58 

61.62 

61.87 


21.02 2.10 

24.04 2.11 

24.57 2.08 

25.79 2.05 


3 Pretreatment temperature was 120 °C and time was 30 min. 


The influence of pretreatment acid concentration on reducing sugars concentration 
and yield in the pretreatment process. 3 


Acid Reducing sugars concentration in Reducing sugars 

concentration pretreatment hydrolysate (g/1) ±0.2 g/1 yield (%) ±1.0% 
(wt.%) 

0.5 22.7 66.2 

0.8 25.6 74.6 

1.0 30.1 87.8 

1.2 29.4 85.7 


3 Pretreatment temperature was 120 °C and time was 30 min. 


As shown in Table 6, it is found that the bagasse pith pretreated 
at 120 °C with [BMIMJCl solutions containing 1.0% HC1 resulted in 
the highest glucose concentration in cellulase hydrolysis, while the 
lowest at 80 °C. The increase in glucose concentration from 80 °C to 
120 °C was nearly 65% indicating that pretreatment temperature 
has a significant effect on cellulase hydrolysis. This is because that 
high pretreatment temperature can make the hemicellulose be 
hydrolyzed faster. The hydrolysis of hemicellulose is conducive 
to the subsequent cellulase hydrolysis. 

When pretreatment temperature was low (such as T = 80 °C), 
the glucose yield in cellulase hydrolysis for 72 h have not yet 
reached its peak, while gradually increased and tended to be a sta¬ 
ble when pretreatment temperature was high (such as T= 120 °C). 
This is because that the increase in pretreatment temperature 
intensified the destruction of the cellulose crystallinity in bagasse 
pith and prompted bagasse pith to be completely hydrolyzed. Gen¬ 


erally, the temperature increase accelerates swelling and dissolu¬ 
tion rates of lignocellulose in ILs and it is due to destabilisation 
effect of temperature on the hydrogen bonds in the three dimen¬ 
sional cellulose structure [42], The pretreated bagasse pith 
appeared to show charred when temperature beyond 130 °C, sug¬ 
gesting the critical role of reaction temperature. From Table 6, it 
can be seen that the glucose concentration in the cellulase hydro¬ 
lysis began to decline when pretreatment temperature was higher 
than 120 °C. It is because that the higher temperatures aid in 
improving the pretreatment efficiency, but at the same time results 
in more degradation of cellulose themselves. A portion of the cel¬ 
lulose in the bagasse pith was hydrolyzed by acid at high temper¬ 
ature in pretreatment process and it is not conducive to cellulase 
hydrolysis. Some investigators have reported that the degradation 
of biomass during pretreatment with ionic liquid at high tempera¬ 
ture could produce water-soluble products, such as: hydroxymeth- 
ylfurfural (HMF) from carbohydrate fraction [43], Qju et al. [21] 
also concluded that high pretreatment temperatures (T > 130 °C) 
are detrimental to the efficiency of recycled ILs pretreatment; 
Thus, the pretreatment temperature should be controlled in a suit¬ 
able range. In this paper, 120 °C was the most suitable pretreat¬ 
ment temperature. 

3.4. The influence of pretreatment time on cellulase hydrolysis 

The influence of pretreatment time on the cellulase hydrolysis 
of the bagasse pith was investigated with [BMIM]C1 solution con¬ 
taining 1.0% HC1 and 30% water under temperature of 120 °C 
(shown in Table 7). 


of pretreatment, 


concentrate 


hydrolysis of the bagasse pith. 3 


Pretreatment temperature and time 


IL-HC1 solutions 


T = 120 °C, t = 30 m 


[BMIMjCl only 
[BMIM]C1 + 0.5(wt.%)HCl 
[BMIM]C1 + 0.8(wt.%)HCl 
[BMIM]C1 + 1.0(wt.%)HCl 
[BMIM]C1 + 1.2(wt.%)HCl 
1.0(wt.%)HCl 


Cellulase hydrolysis for 72 h 

C (g/1) ±0.2 g/1_y(%)±i.o% 


55.3 

83.2 

90.6 

92.3 

91.6 
52.1 


57.5 

85.3 

93.3 

94.5 
93.8 

54.3 


3 C is glucose concentration in the enzymatic hydrolysate. Y is the glucose yield (%). Pretreatment condition: [BMIMJCl solutions containing 30% water. 


of pretreatment temperate 


hydrolysis. 3 


Pretreatment temperature (°C) 


80 

100 

110 

120 

130 


Cellulase hydrolysis time 


3. Pretreatment tii 


l in the cellulase hydrolysis. 
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cellulase hydrolysis of the bagasse pith. 3 


Pretreatment time (min) Cellulase hydrolysis time 

24 h 36 h 48 h 60 h 72 h 


C(g/1) y(%) c (g/i) Y(%) c (g/i) Y (%) C(g/1) y (%) c( g /i) y(%) 

40 53.7 55.4 68.7 70.5 77.6 80.5 87.3 89.5 92.1 94.3 

30 55.1 56.7 70.4 72.5 82.7 85.1 89.9 92.5 92.3 94.5 

20 49.5 50.9 68.3 70.3 72.4 74.5 81.0 83.4 87.4 89.9 

10 32.2 33.1 43.9 45.2 52.6 54.1 60.3 62.1 65.9 67.8 


3 Pretreatment condition: [BMIMJC1 solution containing 30% water and 1.0% HC1. Temperature is 120 °C. C is glucose concentration in the cellulase hydrolysis. V is the 
glucose yield (%). The differences between duplicate results were <0.2 g/1 for glucose concentration and <1.0% for glucose yield. 


Table 8 

The influence of pretreatment time on bagasse pith composition, hemicellulose conversion and cellulose recovery. 3 


Time (min) Hemicellulose Cellulose Lignin Ash 

Content (%) ± 0.5% Conversion (%) ± 1.0% Content (%) ± 0.5% Recovery (%) ± 1.0% Content (%) ± 1.1% Content (%) ± 0.04% 
40 10.81 79.5 61.63 92.7 25.49 2.07 

30 11.73 76.9 61.62 95.0 24.57 2.08 

20 18.46 62.2 57.07 96.7 22.39 2.08 

10 24.49 40.1 51.37 98.0 22.09 2.05 


3 Pretreatment condition: [BMIM]C1 solution containing 30% water and 1.0% HC1. Temperature is 120 °C. 


An increase in the pretreatment time resulted in an increase in 
glucose yield. It was due to that the increase in pretreatment time 
would improve hydrolysis of hemicellulose. This could increase 
porous areas in the cell wall and make the cellulose fibrils to swell 
easily [44,45], The bagasse pith pretreated for 30 min was almost 
completely hydrolyzed after 72 h corresponding to a total glucose 
yield of 95.4%. The glucose concentration began to be stable after 
pretreatment time beyond 30 min. The glucose yield of up to 
89.9% was achieved for the bagasse pith pretreated for only 20 min. 

The components of bagasse pith residue after different pretreat- 
ment time were measured in this work. Table 8 shows the influ¬ 
ence of pretreatment time on bagasse pith residue composition, 
hemicellulose conversion rate and cellulose recovery. 

It can be seen from Table 8 that the conversion rate of hemicel¬ 
lulose in bagasse pith was more than 75% after pretreatment for 
over 30 min. The recovery of cellulose reduced gradually with 
the increase of pretreatment time. It shows that the pretreatment 
time should be in a suitable range. Considering the 72 h glucose 
yield from cellulase hydrolysis and recovery of cellulose after pre¬ 
treatment, it could be concluded that 30 min was ideal at the tem¬ 
perature of 120 °C. 



Pretreatment Time (min) 

Fig. 4. The influence of pretreatment time on glucose yield of cellulase hydrolysis at 
different pretreatment temperature. 


The influence of pretreatment time on cellulase hydrolysis of 
the bagasse pith at different pretreatment temperatures was 
shown in Fig. 4. 

The most suitable pretreatment time for cellulase hydrolysis 
seemed to be short when the pretreatment temperature was high 
(such as T= 130 °C, T = 120 °C). When T = 130 °C, the glucose yield 
of cellulase hydrolysis for 72 h even began to decline with the 
increase of pretreatment time. It also suggests the critical role of 
reaction temperature and time. The suitable pretreatment time 
for cellulase hydrolysis turned to be long when the pretreatment 
temperature was low (such as T=80°C, T=100°C). This result 
was consistent with the work of Andre M da Costa Lopes et al. 
[26]: the optimum conditions are expected with a simultaneous 
short duration of time and high temperatures or using prolonged 
treatments at relatively low temperatures. In this paper, 90 min 
was selected when T = 80 °C, 60 min was selected when 
T=100°C, 45 min was selected when T=110°C, 30 min was 
selected when T= 120 °C, 20 min was selected when T= 130 °C. 

3.5. The total reducing sugars yield after pretreatment and cellulase 
hydrolysis 

The total reducing sugars yields after pretreatment under dif¬ 
ferent acid concentration and cellulase hydrolysis were showed 
in Table 9. 

It can be seen that a maximum total reducing sugars yield of 
89.9% was achieved when the pretreatment acid concentration 
was 1.0%. The maximum glucose yield of 94.5% (as shown in Table 5 ) 
obtained from cellulase hydrolysis was comparable to glucose yield 
of enzymatic saccharification of biomass via pretreatment with 
[EMIM]Ac reported by many other researchers [16,17,21], Further¬ 
more, compared to many other pretreatment methods using 

Table 9 

The influence of pretreatment acid concentration on total reducing sugars yield after 
pretreatment and cellulase hydrolysis. 3 

Pretreatment acid concentration (%) Total reducing sugars yield (%) ±1.0% 

0.5 76.4 

0.8 84.5 

1.0 89.9 


3 Pretreatment temperature was 120 °C and time was 30 min. 








































